Background: Reducing cadmium (Cd) exposure in Cd-polluted areas in Asia is urgently needed given the toxic effects of Cd. The short-term and long-term benefits of lowering Cd exposure are unknown because of its long half-life in the body. Objectives: We aimed to investigate whether an intervention with low-Cd rice in a contaminated area of China reduced urinary Cd (UCd) levels and improved blood pressure and kidney function outcomes compared to nointervention in consumers of high-Cd rice in the same region. Methods: 106 non-smoking subjects were divided into three treatment groups: the intervention group (replacing homegrown high-Cd rice with market low-Cd rice, n = 34), the non-intervention group (continue eating high-Cd rice, n = 36) and the control group (continued eating low-Cd rice they have been eating for years, n = 36). The intervention period lasted for almost 8 months, during which participants were visited on up to 4 occasions and UCd, systolic and diastolic blood pressure (SBP, DBP), kidney function biomarkers (β 2 -microglobulin and Nacetyl-β-D-glucosaminidase) were measured. Results: After 3 months, the geometric mean UCd in the intervention (Int) group decreased significantly by 0.32 μg/g (p = 0.007), while changes were not significant in the non-intervention (non-Int) group (0.13 μg/g, p = 0.95) or the control group (−0.01 μg/g, p = 0.52). UCd in the Int group remained lower than in the non-Int group but higher than in the Control group through the end of follow up. DBP in the Int group decreased significantly from 80 mm Hg at month three (p = 0.03) and stayed around 74 mm Hg for the remainder of the study. SBP also decreased in the Int group but with variations similar to those observed in the other two groups. The two kidney biomarkers showed variations without a clear pattern. Conclusion: This study suggested that UCd reflected both short-term (< 3 months) and long-term Cd exposure. In addition, the low-Cd rice intervention showed initial benefits in lowering blood pressure levels, especially DBP, but not kidney biomarkers.
Introduction
Cadmium (Cd) is a toxic and harmful metal that is widespread in the environment. A recent national survey of soil pollution showed that 19.4% of agricultural soils in China are contaminated with Cd (Zhao et al., 2015) . The serious potential health consequences of Cd pollution have been well known since the 1960s outbreak of Itai-itai disease in Japan was linked to rice contaminated with Cd via irrigation with river water polluted by mining activities. This outbreak caused widespread concern about Cd contamination around the world. The impact of soil contamination in farming produce has also been described in other Cd contaminated areas, for instance in Belgium and Thailand (Sartor et al., 1992; Teeyakasem et al., 2007) .
Cd enters the human body through different exposure pathways and can induce numerous adverse health effects (WHO, 1992) . Recent epidemiological studies suggest that prolonged exposure to Cd, even at low levels, defined as urinary Cd (UCd) below 1 μg/g creatinine, can result in growth retardation, bone demineralization and fractures, renal dysfunction, increased risk of several cancers and premature mortality (Engstrom et al., 2011; Gardner et al., 2013; Järup and Akesson, 2009 ). After absorption, Cd accumulates mainly in the kidney, especially in the proximal tubular cells, and can induce kidney damage, leading to increased excretion of low-molecular weight proteins such as N-acetyl-β-D-glucosaminidase (NAG) and β 2 -macroglobulin (BMG) (Johri et al., 2010; Zhang et al., 2014) . Cd exposure is also associated with cardiovascular diseases, including incident coronary heart disease, stroke and peripheral arterial disease, even at low-to-moderate exposure levels (Tellez-Plaza et al., 2013; Swaddiwudhipong et al., 2010) .
UCd has often been used to assess long-term Cd exposure and is believed to have a half-life on the order of decades (Gonick, 2008) . Recent studies, however, have questioned this half-life (Bernard, 2016; Chaumont et al., 2013; Vacchi-Suzzi et al., 2016) . In a study from Belgium, former smokers had similar UCd levels as nonsmokers, implying that UCd could also reflect recent Cd exposures (Chaumont et al., 2013) . In the National Health and Nutrition Examination Survey (NHANES 1999 (NHANES -2010 in the United States, UCd was 23% lower in males with 20 pack-years of smoking who had stopped smoking for one year, indicating that UCd also reflects a short-term exposure compartment and not only a long-term compartment (Adams and Newcomb, 2014) .
Inconsistent results in literatures validated the need for more studies investigating potential impacting factors of UCd. The variation in UCd was trivial in Hotz et al., 1999 . Interestingly, the baseline UCd level in this study was relatively lower than in other researches (Teeyakasem et al., 2007; Zhang et al., 2014) , suggesting a relatively Cd-clean environment of the study area. UCd varied noticeably in quite a few other researches with different follow-up years (Roels et al., 1989; Iwata et al., 1993; Cai et al., 2001, and Wu et al., 2008) . For example, UCd significantly decreased (1st survey: 22.2 μg/L, 5th survey: 18.0 μg/L, p < 0.001) in a five-year follow up study (Roels et al., 1989) .
We have followed a Cd-polluted town located in Jiangsu Province, China since 2004 (Liao et al., 2015) . Local pottery factories in this town have used Cd-based pigments and discharged Cd-contaminated water to surrounding creeks and rivers since 2002, resulting in extremely high Cd levels in local sediments (mean 1874 mg/kg), paddy fields, and rice grains. Cd concentrations in the soil have increased from 0.15-0.40 mg/ kg in 2004 to 0.53-5.92 mg/kg in 2012 (Liao et al., 2015) , markedly higher than the Chinese Environmental Quality Standard II for soil (0.3 mg/kg). Cd levels in home-grown rice from the contaminated area is much higher than in rice bought from the market (0.89 mg/kg and 0.02 mg/kg, respectively) (Wu et al., 2016) and is more than four times of the national standard (0.2 mg/kg), but not as high levels observed in other areas (e.g., average concentration of 3.7 mg/kg in Wu et al., 2008) . Diet is considered the main Cd exposure route for nonsmokers (Oh et al., 2006; Wu et al., 2016) . In a survey of 753 individuals from rural areas of southern China, rice consumption contributed 77% of total Cd exposure (Zhu et al., 2016) , confirming that rice is the main contributor to dietary Cd intake, especially in Southeast Asia where rice is a major dietary staple.
The goal of this study was to investigate whether a change from Cdcontaminated rice to low-Cd rice, through a dietary intervention, leads to a reduction in UCd and improvements in blood pressure and kidney function in a Cd-polluted town in Jiangsu Province. We hypothesized that UCd, blood pressure, and kidney function outcomes are impacted by short-term changes in Cd exposure. To accomplish this goal, we randomly chose an intervention group for whom we replaced locally grown Cd-polluted rice with low-Cd rice for about 8 months and compared them to the non-intervention group. We measured variations in UCd, blood pressure and renal function at baseline (before intervention) and during the follow-up period. In addition to the randomized intervention and non-intervention groups, we recruited a group of participants who had been consuming low-Cd rice for at least one year and followed them using the same protocol as the randomized groups. Intervention studies allow prospective and specific evaluation of the impact of dietary changes on UCd and related health impacts. Through this study, we also aim to provide useful recommendations for public health professionals and government agencies to take effective measures to protect the health of residents in Cd polluted areas.
Material and methods

Study sample and design
Seventy local residents who had eaten home-grown rice for years were enrolled and randomly separated into two groups, the intervention (n = 34) and non-intervention (n = 36) groups. In addition, we recruited 36 residents who had eaten low-Cd market rice for at least one year (mean number of years eating market rice was 9.9 years, maximum 40). This group was considered a control group. A total of 29 participants have high blood pressure and 3 participants have kidney problems. Starting in June 2015, each Intervention (Int) participant was provided with 120 kg of non-polluted rice from the local supermarket for them to eat during the intervention period as well as with annual calendars with information about Cd pollution and health protection knowledge. This was sufficient rice for the participant only and not the entire family, thus requiring separate cooking. Participants in the nonIntervention (non-Int) group received no recommendations and were assumed to continue eating the rice they planted on their own polluted soils. Participants in the control group received no recommendations and were assumed to continue eating low-Cd market rice they purchased themselves. We followed the three groups for nearly 10 months, collecting their urinary samples and checking their blood pressure in June (first visit, before intervention), September and November 2015, and in January 2016 (last visit of the intervention period) (See Fig. 1) .
At the end of the intervention, as a principle of fairness, we provided the non-Int and control groups with the same amount of low-Cd rice as the Int group. In March 2016, we returned to the study area to obtain information on the type of rice the participants ate in the post-intervention period and to collect one additional urine sample.
Data on demographic characteristics, dietary patterns, activity patterns, as well as health conditions were obtained from intervieweradministered questionnaires. Cd exposure from different sources was later calculated based on dietary and activity patterns. At each visit, blood pressure was measured twice in sitting position following 5 min of rest. The blood pressure meter (KD-5031) was purchased from Tianjin Andon Medical Electronic Co., Ltd. and has been validated by physicians in Nanjing University Hospital.
The study was approved by the Ethics Committee of Nanjing University and local authorities. All participants provided informed consent.
Laboratory analysis
First morning void urine samples were collected from each subject in polyethylene bottles, transported to Nanjing University and stored at −80°C until analysis. In total, 353 urine samples were collected. In addition to first morning urine samples, in a subset of 35 participants randomly selected from the 3 groups (15, 11, 9 for the Int, non-Int and Control groups, respectively), we collected 24-h urine samples (one day before the morning urine collection) at baseline. The geometric means (GMs) of UCd of morning and 24-h urine samples were 1.28 and 1.27 μg/g creatinine, respectively, and there was no significant difference between them according to the paired samples test, which was consistent with the study by Wang et al. (2016) . Due to negligible difference between the two types of samples, we only collected morning urine samples in later collections.
UCd was measured by inductively coupled plasma mass spectrometry (ICP-MS, NexION300X, Perkin Elmer) at the State Key Laboratory of Pollution Control and Resource Reuse of Nanjing University. The internal standard method was used considering the potential polyatomic interferences in measurement. 115-In served as the internal standard element for Cd correction. The limit of detection was 0.02 μg/L and all samples had UCd levels above the detection limit. The method precision, calculated as the coefficient of variation in duplicate UCd measurements was 5.0%. Seronorm Trace Element Human Urine (Nycomed Pharma AS, Oslo, Norway) was used as a standard and the recovery ranged between 90% and 97%. BMG in urine was analyzed using the Latex enhanced immuno-turbidimetry method and NAG was measured with the Colorimetry method with test kits (GS331S, GS341S, Beijing Strong Biotechnologies Co., Ltd.). Quality control detection values of BMG and NAG are in accordance with the reference range of quality control (1.62 ± 0.32 mg/L and 32.0 ± 6.4 U/L, respectively). Urinary creatinine concentration was measured by the Jaffe reaction method to adjust all urine parameters. All creatinine analyses were performed with an automatic biochemical analyzer (7180, Hitachi) . Detection values of creatinine were within the reference range (97.4-147 μmol/L) of quality control.
Statistical analyses
Impaired BMG and NAG levels were defined as ≥890 μg/g creatinine and ≥9.8 U/g creatinine, respectively, based on a previous study in China (Liang et al., 2012) . We defined HTN as mean systolic blood pressure (SBP) ≥ 140 mm Hg, mean diastolic blood pressure (DBP) ≥ 90 mm Hg, self-reported physician diagnosis, or medication use.
The geometric mean and standard deviation were used to summarize the right-skewed variables (UCd, BMG and NAG). The arithmetic mean (AM) and standard deviation were used to summarize normally-distributed variables (SBP and DBP). The paired samples t-test was used to test for differences in UCd, BMG, NAG, SBP and DBP between June, September, and November 2015 and January of 2016 within the three groups. The t-test for independent samples was used to test the differences in UCd over time between the Int group, the non-Int and the control groups in separate models. To account for the increased chance of Type I error, we lower our cut-off for significance with Bonferroni Correction. The Bonferroni Correction would lower the cutoff to a′ = a/m, where a is the former cut-off (i.e. 0.05) and m = k choose 2, where k is the number of groups (i.e. intervention + nonintervention + control = 3). So in our case, a′ = 0.05/(3 choose 2) = 0.0167. A difference would not be considered significant unless it has a p-value of 0.0167 or less. The statistical analyses were conducted with SPSS (Version 22) and R version 3.4.0 (R Development Core Team 2017).
Associations between the five outcome variables (UCd, NAG, BMG, DBP, and SBP) and treatment group (Control, Int, and non-Int) were analyzed using generalized additive mixed models (GAMMs), controlling for time since start of intervention, age, gender, diabetes, hypertension and dietary pattern with random intercept to account for within-subject correlation. GAMMs are a robust way to model repeated measures, even with non-linear response, missing data and unbalanced design. The optimal low rank approximation to the thin plate spline was used as a smoothing function for the time since start of intervention and age terms in each model to account for the potentially non-linear effects of seasonality and age on each response variable. In each model, the generalized cross validation/unbiased risk estimator smooth parameter estimation, a basis dimension of 4 for the time since start of intervention term, and a basis dimension of 10 for the age term were chosen. GAMMs were fit using the mgcv package version 1.8-17 (Wood, 2017) in R version 3.4.0 (R Development Core Team 2017). Since treatment group was a parametric term in the GAMMs, their β-estimates and pvalues were interpreted directly from the R output as would be for a linear model.
Results
Characteristics of subjects
A total of 106 residents living in the Cd-contaminated district participated in this investigation. The characteristics of the study population by treatment groups are detailed in Table 1 . Significant differences existed between the three groups in sex and age (p-value < 0.001 and 0.05, respectively). No significant differences existed between the three groups in BMI, numbers of ceramic workers and smoking history (pvalue > 0.05).
Reduction in UCd following the intervention
The GM of UCd of the Int group before the intervention was 1.42 μg/g creatinine, similar to that in the non-Int group (1.36 μg/g ф Arithmetic mean ± standard deviation.
Table 3
The p values of comparison analysis and percent difference of the UCd levels between groups by the independent samples t-test and within groups by the paired samples test. Table 2 ). Three months later (from June to September), the GM UCd of the Int group decreased to 1.10 μg/g creatinine (p = 0.007), while GMs were not statistically significantly different compared to baseline in the non-Int (1.23 μg/g creatinine, p = 0.95) and the control groups (0.92 μg/g creatinine, p = 0.52) ( Table 3) . For all four visits, UCd levels in the non-Int group (GM 1.36, 1.23, 1.72, and 1.85 μg/g creatinine for the four visits, respectively) were consistently higher than that of the control group (0.91, 0.92, 1.17, and 1.31 μg/g creatinine). The difference between the two groups was either marginally significant or significant (p-values 0.09, 0.10, 0.03, and 0.003, respectively for the 4 visits) (Table 3 and Fig. 2a) . The Int group, in contrast, had a marginally higher UCd level (GM 1.42 μg/g creatinine) than the control group (0.91 μg/g creatinine) in June (baseline) (p = 0.06), but the difference was attenuated and not statistically significant during the intervention period. GM of UCd in the Int group was 1.10, 1.44, and 1.43 μg/g creatinine in September, November and January vs. 0.92, 1.17, and 1.31 μg/g creatinine in the control group, with p-values for the differences at each point in time being 0.57, 0.32, and 0.20, respectively (Table 3 ). Table 2 also shows the percent difference between groups and percent change between different sampling times within group. During the intervention, percent change between the Int group and the control group were consistently lower than percent change between non-Int and the control group. Table 4 and Fig. 2b shows the results of the GAMMs for each response variable. GAMM analysis revealed that on average, the non-Int group had UCd levels 0.63 μg/g creatinine higher than the control group (p < 0.001), and the Int group had UCd levels 0.29 μg/g creatinine higher than the control group (p < 0.1).
Blood pressure
In the Int and control groups, SBP decreased from 140 and 148 mm Hg in June to 128 and 138 mm Hg in September, respectively (Table 2) . SBP in the non-Int group decreased but not significantly between June and September. Between November and January, the SBP level for the non-Int group increased significantly from 134 to 140 mm Hg (p = 0.04). The DBP level of the Int group decreased from 80 mm Hg in June to 75 mm Hg in September (p = 0.03). DBP levels in the non-Int group was significantly higher in January than in November (DBP Nov. = 79 mm Hg, DBP Jan. = 85 mm Hg, p = 0.001). No significant changes in DBP were observed in the other groups.
Similar to the UCd decrease in the Int group during the intervention, SBP and DBP decreased in the first three months, and then stayed at a similar level in later months. Meanwhile, SBP and DBP of the non-Int group significantly increased in the last three months of the intervention follow-up period.
BMG and NAG
Changes in BMG in the three groups fluctuated between the four visits without a clear pattern (Table 2) . BMG levels (127.9-354.7 μg/g creatinine) were all lower than the 890 μg/g creatinine cut-off values for renal function ( Table 2) . The paired samples test showed no significant changes for BMG in the Int group during the intervention period. The GM of NAG ranged between 7.9 and 16.7 U/g creatinine during the intervention period (Table 2) . Although the Int group showed a decrease in NAG from above the cutoff value of 9.8 U/g creatinine at baseline to below the cut off value by the end of the study, the other two treatment groups showed similar variations over time. Between June and September, NAG levels significantly decreased in all the three groups (p < 0.001), but there were no significant differences in the subsequent two visits (Table 5) .
Dietary pattern, health awareness and behavior changes
Total Cd exposure for Int, non-Int, and control groups were 
Table 4
Results of the generalized additive mixed effects models for each response variable. Units for the β-estimates are as follows: μg/g creatinine for UCd and BMG, U/g creatinine for NAG, and mm Hg for SBP and DBP. 0.004 mg/(kg * d), 0.004 mg/(kg * d) and 0.0004 mg/(kg * d). Among them, rice was always the main contributor of Cd, accounting for 91%, 92% and 56% percent of Cd exposure for each group. The ratio of rice and vegetable intake (rice/veggie) was around 1.0 in June (24.5 ± 2.4°C) and September (23.3 ± 1.9°C), and increased to around 1.2 and 1.4 for all three groups in November (12.5 ± 5.0°C) and January (3.6 ± 4.4°C), respectively, when it became colder (Table 6 ). The trend of rice and vegetable intake ratios was similar to that of UCd levels in the control group (Fig.3) . At the end of this intervention (January 2016), we stopped providing market rice to the Int group (but recommended that they purchase market rice) and provided the same amount of rice given to the Int group to the other two groups based on the principle of fairness. In March 2016, we revisited all participants one more time. The majority (~84%) of the Int group members had returned to eating their homegrown high-Cd rice while the remaining 16% were buying non-polluted market rice (Table 7) . Only about 42% of those in the Non-Int group started eating the non-polluted rice we provided. All members of the control group still ate the marketable non-polluted rice. Table 7 shows UCd in urine samples collected in March 2016. Participants from the Int group who continued eating market non-polluted rice had much lower UCd (1.46 μg/g creatinine) than those who ate home-grown rice (1.81 μg/g creatinine). UCd in the Control group was 1.42 μg/g creatinine, which was comparable to the level among intervention participants who had continued eating market rice (1.46 μg/g creatinine). For Fig. 3 . Variations in GM of UCd and rice/veggie intake ratio in three groups, along with intervention time (in months).
Table 7
The UCd levels and selection of rice in three groups after the intervention. those switching to market rice in the non-Int group, the GM of UCd was 1.76 μg/g creatinine, lower than UCd of those who continued eating home-grown rice (2.43 μg/g creatinine). We did not have blood pressure measurement or biomarkers levels beyond UCd for the March visit.
Discussion
In this study of non-smokers consuming Cd-contaminated rice in a Cd-polluted town in China, switching to a low-Cd rice (0.02 mg/kg) sufficiently lowered Cd exposure as reflected in lower UCd levels (from 1.42 to 1.10 μg/g creatinine) in the 3 months following the beginning of the intervention. The statistically significant decrease in UCd in the Int group in the first 3 months confirms the efficacy of dietary changes in reducing Cd exposure. These findings support the idea that UCd levels can be reduced relatively quickly after restricting a major Cd exposure route. Other studies (Hotz et al., 1999; Kawasaki et al., 2004 ) also showed a decrease in UCd after a decrease in exposure. The decrease degree was especially notable in those who suffered from renal dysfunction due to earlier heavy Cd exposure (Wu et al., 2008) , even only within two months (McDiarmid et al., 1997) .
Our intervention data contribute to the recent debate on whether or not UCd is a biomarker indicating long-term Cd exposure. As early as 1978, Elinder et al. (1978) found that 24-h Cd excretion reflected total kidney burden among nonsmokers in different age groups. Since then, UCd levels have often been used as a measure of Cd accumulation in the kidney in epidemiological studies as a biomarker of long-term exposure due to its strong binding with metallothionein (Åkesson et al., 2014) . Metallothionein-bound Cd is responsible for retention of Cd within the body and helps to explain its long half-life (Gonick, 2008) . In our study, the intervention led to a significant decrease in UCd during the first three months of the intervention, and the Int group had much lower UCd than the non-Int group during the intervention period. The results indicate that UCd levels are significantly affected by recent Cd exposure (within 3 months), consistent with findings in several other recent publications, which found there was no difference in UCd levels between former smokers and those who have never smoked (Bernard, 2016; Chaumont et al., 2013) .
UCd change over the course of the study period was thought to be due to seasonal change, such as dietary and PM 2.5 level. Rice was always the main Cd source for all three groups while the dietary pattern (rice/veggie ratio) changed with the seasons. That rice/veggie ratios and UCd followed a similar trend suggests the influence of vegetable intake on UCd. The main local vegetable for this study population was cabbage, which is high in Calcium (29,867 ± 1725 mg/kg) (Li et al., 2018) . Calcium is notably effective in reducing the relative bioavailability of rice Cd; 150-1500 mg/kg Ca could reduce rice Cd bioavailability by 8.5-80% (Zhao et al., 2017) . The noticeable decrease of UCd from June to September in the Int group can be due to change in consumption of high-Cd home-grown rice to low-Cd market rice. In comparison, the following increase of UCd for all three groups in November and January was partially due to more Cd intake from rice, and partially because of the ascendant rice/veggie ratios, which in turn increase the rice Cd bioavailability.
In addition to the seasonal change in dietary, other factors can affect UCd exposure as well. For example, Cd in the air can be derived from vehicular emissions, industrial processes, and coal combustion (Suvarapu and Baek, 2016) . Secondhand smoke can also be a potential source of Cd exposure (Pappas, 2011) . In our study area, ambient PM 2.5 level was much higher in the heating seasons than in the non-heating seasons, which is partially due to the lower mixing height and combustion of fossil fuels for space heating, etc. in the heating season (Kulshrestha et al., 2009 ). In addition, the indoor-outdoor air exchange rate is much lower in the heating seasons (Chan et al., 2005) , leading to a higher PM 2.5 contribution from indoor sources such as cooking and cigarette smoke (Massey et al., 2012) .
Comparison of the three groups indicates that UCd reflects both short-term and long-term Cd exposure. The consistently low levels of UCd in the Int group from September to January indicates UCd decrease occurred within the first 3 months of intervention. Starting in September, Int group UCd was always markedly lower than the non-Int group but higher than the Control group. We hypothesize that the early decrease in the Int group UCd reflects the decrease in short-term exposure, and the Int group UCd after September reflects the long-term exposure levels. Due to consumption of high-Cd rice in recent years in the Int group, the long-term exposure to Cd in the Int group remains higher than in the Control group, as supported by consistently higher UCd in the Int group compared to the Control group. UCd in the Int group reflects long-term Cd exposure as well as recent intake of Cd from low Cd market rice. This result is consistent with findings by Adams and Newcomb (2014) . They found that former smokers have higher UCd than those who have never smoked, but lower UCd than current smokers, suggesting that UCd has two compartments, one reflecting relatively recent exposure and another reflecting long-term exposure.
If the hypothesis that UCd reflects both short and long-term exposures is true, then inconsistent observations are possible, depending on the relative contribution of short-term and long-term exposures. If recent exposure is high, then UCd reflects more recent Cd exposure, and if the recent diet is low in Cd, but historically there was high Cd exposure (e.g., smokers or Cd-contaminated rice), then UCd might be higher than expected due to slow decrease of the long-term Cd-compartment, as observed in Liang et al. (2012) and Adams et al. (2014) .
Ideally, to distinguish between short-term and long-term sources, urine samples would be collected before and after a change in a major source, for instance diet or smoking status. By doing that, both shortterm and long-term Cd exposure levels can be characterized. More studies are needed to define the time period of response. For many epidemiological studies, a two-sample collection method is not practical but a detailed questionnaire can be obtained in order to assess possible historical and current Cd sources.
We also found that blood pressure, especially SBP, showed strong seasonal variation, as reported in other studies (Zheng et al., 2016) . In the Int group, the SBP and DBP decreased significantly from June to September, which was consistent with the variations in UCd. There were no significant changes in later months (from September to January of the next year). These findings suggest that changes in UCd influence blood pressure. Wu et al. (2016) classified the UCd concentration into five levels for low Cd exposure respondents and found that both SBP and DBP increased with UCd. The study by Swaddiwudhipong et al. (2010) revealed that UCd was positively associated with SBP, but not DBP. These inconsistent findings imply that the mechanism of Cd influence on human hypertension remains unknown and requires further study.
In our study, no significant changes were found in BMG which varied widely and the GM values were all below the cutoff for renal dysfunction, which may be due to the lack of a significant effect on renal function at relatively low Cd exposure levels. Other studies have found that dietary intervention to reduce intake of Cd-contaminated rice has an effect on renal function, but the Cd-contaminated rice concentration was as high as 3.7 mg/kg, which is much higher than the concentration of the Cd contaminated-rice in this study.
This study also found that participants consumed the rice that was the most available at home and that awareness of the health effects of Cd exposure was effective in convincing only a small fraction (16%) of participants to change their source of rice. According to residents' feedback, home-grown rice tastes better than market rice, which may be one reason that some participants were unwilling to eat market rice. Secondly, the intervention was arranged for 1 or 2 persons in a family and higher compliance may have been achieved if family-wide intervention was used. But this study provides a reference of residents' attitudes and behavioral changes related to Cd-contaminated rice, as well as useful information for future interventions or exposure control studies. For example, though the local government can strengthen public education and outreach about the health effects of Cd pollution, in the long run, recovering the Cd-polluted soil is probably the most efficient approach.
In this research, we performed repeated measurements on our study subjects, and used test results in different months to determine the influence of Cd-contaminated rice. The non-Int and control groups were used as references only. The within person comparison is more persuasive than comparing differences across people to evaluate the impact of rice on Cd exposure. In addition, in order to avoid influence from other factors, we only recruited non-smokers who could avoid meals outside the home and cook rice separately for themselves every day in the study. Unfortunately, within the area of our study, it is difficult to find many male participants who meet the above conditions. Also, due to the fact that much of the younger generation has moved away to work in more developed cities, most participants recruited were above 50 years old. Although the GAMMs are adjusted for the influence of age, it is important to note that our study focused more on older subjects. Also, given the health benefits of the intake of Ca-rich vegetables in reducing Cd bioavailability, it is worthwhile to encourage residents to include more Ca-rich food such as cabbage in their daily diet.
We acknowledge several limitations. The sample size is small and the study duration is short. Future research is needed to evaluate the long-term impact of Cd interventions for populations chronically exposed to Cd in Cd-polluted areas. The impact of the rice intervention could have potentially been improved by providing enough market rice for the entire family rather than just the single participant; cooking rice separately is a burden that not everyone was necessarily willing to take, and, thus, the reduction in UCd may have been limited. This study can also be improved by a more frequent sampling in the first 3 months in order to better define the downward trend in UCd levels. In addition, this study did not consider the issue of secondhand smoke.
Conclusions
This low-Cd rice intervention demonstrates it is possible to achieve short-term reductions in UCd in an area of China affected by rice contaminated with Cd due to industrial pollution. Int group UCd decreased rapidly within 3 months after the dietary change and stayed lower compared to the non-Int group from then until the end of intervention, indicating there is a short-term compartment for UCd that rapidly reflects short-term changes in exposure levels. The comparison of the Intervention group with high-exposure (non-Int) and low-exposure (Control) groups over the 8 month period indicates that UCd also reflects long-term Cd exposure. Our study also suggests that short-term changes in Cd exposure can positively impact blood pressure levels, especially DBP, but we found no obvious short-term effects on renal function. These findings provide useful information for future interventions and exposure control measures in Cd-polluted areas in Asia.
